We have observed a large sample of spectroscopic binary stars in the Hyades Cluster, using high resolution infrared spectroscopy to detect low mass companions. We combine our double-lined infrared measurements with well constrained orbital parameters from visible light single-lined observations to derive dynamical mass ratios. Using these results, along with photometry and theoretical massluminosity relationships, we estimate the masses of the individual components in our binaries. In this paper we present double-lined solutions for 25 binaries in our sample, with mass ratios from ∼ 0.1 − 0.8. This corresponds to secondary masses as small as ∼ 0.15 M ⊙ . We include here our preliminary detection of the companion to vB 142, with a very small mass ratio of q = 0.06 ± 0.04; this indicates that the companion may be a brown dwarf. This paper is an initial step in a program to produce distributions of mass ratio and secondary mass for Hyades cluster binaries with a wide range of periods, in order to better understand binary star formation. As such, our emphasis is on measuring these distributions, not on measuring precise orbital parameters for individual binaries.
Introduction
Observations of spectroscopic binary stars provide dynamical measurements of stellar mass and binary mass ratio that are important inputs to theories of binary star formation (Bonnell et al. 2003; Tohline 2002; Clarke 2001) . Measuring the radial velocity versus orbital phase for a single-lined spectroscopic binary (SB1) yields orbital parameters and the mass function, f (M ), in which the mass ratio, q = M 2 /M 1 , is inseparable from the orbital inclination. For an ensemble of SB1s, a statistical approach can be used to derive the distribution of mass ratios (e.g., Mazeh & Goldberg 1992) . If, however, a binary is observed as a doublelined system (SB2), then the dynamical mass ratio follows directly from the radial velocity measurements . With an estimate of the primary mass, say based on the spectral type, the mass ratio gives the secondary mass, and in the case of an ensemble of SB2s, the secondary mass distribution.
Obtaining a purely dynamical mass ratio distribution using SB2s is challenging: a binary with a mass ratio of much less than one has a small flux ratio, α = F 2 /F 1 , so the secondary component is difficult to detect. This flux ratio problem is particularly inhibitive at visible wavelengths where much of the long term monitoring of spectroscopic binaries has occurred. For this reason, most identified SBs are SB1s, and there is a strong selection effect favoring the detection of SB2s with q near 1. A binary composed of main sequence stars with unequal masses will have an α that increases towards longer wavelengths, making the companion easier to detect using infrared spectroscopy. Such observations have allowed the measurement of SB2s with q's as small as ∼ 0.1 − 0.2 (e.g., Mazeh et al. 2002; Prato et al. 2002) . Duquennoy & Mayor (1991) examined a sample of 164 nearby SB1s, SB2s, visual binaries, and common proper motion pairs, with F-and G-type primary stars, and found that the mass ratio distribution for medium to long period binaries increases towards small mass ratios. Goldberg et al. (2003) used a well defined sample of 129 SB1s and SB2s from the Carney-Latham sample of high proper motion stars (Carney et al. 1994) to derive a bimodal mass ratio distribution with peaks at q ∼ 0.2 and q ∼ 0.8. They found somewhat different distributions for halo versus disk stars, and for binaries with primary masses greater than and less than 0.67 M ⊙ . By working in the infrared, Mazeh et al. (2003) observed 32 binaries from the Carney-Latham sample as SB2s, with mass ratios as small as ∼0.20. When combined with SB2s from visible light spectroscopy, they found a mass ratio distribution that is approximately flat from q ∼ 0.3 − 1.0.
The samples studied by Goldberg et al. (2003) , Mazeh et al. (2003) , and, for q's near 1 by Lucy (2006) , represent averages of star formation outcomes in the solar neighborhood over billions of years. Most star formation occurs in localized regions within molecular clouds. Studies of the binary population in diverse star forming regions can isolate the physical parameters that determine the properties of the binaries formed. For example, the competing effects of fragmentation, dynamical interactions, and accretion are not fully understood (Goodwin et al. 2007; Ballesteros-Paredes et al. 2007; Whitworth et al. 2007 ).
Observations of binaries in open clusters can clarify the important processes because they share a common star formation origin and history. Ideally, such observations would be carried out on young clusters that have an easily identifiable membership and still retain their most massive members. However, it is difficult to measure the orbital velocities of the youngest stars because they tend to have high rotation velocities. Stars in older open clusters still retain much of their cluster identity yet are rotationally spun down.
The Hyades is one such nearby open cluster: it is well studied and presents an excellent laboratory for measuring a well defined sample of binary stars in order to investigate binary star formation. The cluster has an age of ∼ 650 Myr (Lebreton et al. 2001) , old enough that stars later than spectral type F3 have slowed to v sin i 25 km s −1 (Kraft 1965) , and G-type and later to v sin i 10 km s −1 (Stauffer et al. 1987) . Most mid K-type and earlier cluster members have individual Hipparcos distances, and with a mean cluster distance of ∼ 46 pc (Perryman et al. 1998 ) the known binaries are bright. Additionally, with metallicity [Fe/H]=0.14 (Lebreton et al. 2001 ) the spectral lines of Hyades members are deep and well suited to spectroscopic analysis.
Radial velocity surveys of the Hyades (e.g., Wilson 1948; Kraft 1965; Detweiler et al. 1984; Stefanik & Latham 1985; Griffin & Gunn 1978 , 1981 Griffin et al. 1985 Griffin et al. , 1988 have identified a sufficient number of SBs to facilitate a statistical analysis of their physical properties. Patience et al. (1998) carried out a study of Hyades "visual binaries" using speckle interferometry. These wide binaries have periods longer than most SBs and several are the wide components of hierarchical triples with known SBs. From their observations, Patience et al. (1998) derived a photometric mass ratio distribution for long period systems that appears to increase towards small q.
At the Harvard-Smithsonian Center for Astrophysics (CfA), Robert P. Stefanik (RPS) and David W. Latham (DWL) have monitored Hyades members for SBs by visible light spectroscopy since 1979 (e.g., Latham & Stefanik 1982; Stefanik & Latham 1985) . Their observations have refined the cluster membership and yielded precise parameters for many SB1s and SB2s. In 2003, the current authors began a collaboration with the CfA group to extend, through infrared observations, the detection of binary companions to smaller masses than possible by visible light spectroscopy alone. To this end, RPS and DWL made available to us their unpublished parameters for many Hyades SB1s. In this paper we present infrared SB2 detections that span the range of mass ratios from q ∼ 0.1 to q ∼ 0.9. We verified these results using the sample of Hyades SB1s available in the literature (e.g., Griffin & Gunn 1978 , 1981 Griffin et al. 1985) . When combined with available surveys (both present and future) of Hyades binaries, our SB2 detections will enable better determinations of the distribution of secondary masses. In §2, we present our Hyades binary sample; §3 describes our infrared observations and velocity measurement techniques; §4 includes the SB1 and SB2 solutions for our sample binaries; §5 discusses the quality of our SB2 solutions and derives the secondary masses; and §6 presents a brief summary and comments on our future papers.
The Infrared SB2 Sample
Because the Hyades cluster is nearby, it covers a large angular extent on the sky, so determining the cluster membership is difficult. Considerable effort has been applied to identify true Hyades members using measurements of proper motion, radial velocity, parallax, and color-magnitude relationships (e.g., van Bueren 1952; van Altena 1969; Hanson 1975; Griffin et al. 1988; Reid 1992; Perryman et al. 1998; de Bruijne et al. 2001) . Nevertheless, these surveys contain many candidates that are non-members or have uncertain membership status. In particular the membership of SBs is often ambiguous until their center-of-mass velocities can be calculated from orbital solutions. The multi-decade long campaign at CfA to monitor candidate Hyades binaries and multiple systems ( §1) has, for many systems, resulted in precise measurements of both the orbital parameters (the period, P, the eccentricity, e, the time of periastron passage, T 0 , the longitude of periastron, ω, the semi-major amplitude of the primary, K 1 , and the center-of-mass velocity, γ) and the mass function, f (M ).
In 2003, we used the preliminary CfA SB1 solutions to select a sample of 32 binaries suitable for further observations in the infrared as SB2s. We will refer to this as the infrared sample, to distinguish from the entire CfA sample. All infrared sample members are confirmed as cluster members through the methods listed above. To avoid early type stars with large rotational velocities ( §1) we restricted the sample to targets with primaries of spectral type F and later. Despite this, however, five targets do have V rot 25 km s −1 and required a modified analysis ( §3.4). Most of the infrared observations were obtained with the CSHELL spectrometer at the IRTF, which, for Hyades members, has an effective magnitude limit of H ∼9 in a 90 minute integration; this corresponds to targets with early-M primary stars, and serves as the faint cutoff for our sample. We intended the infrared observing campaign to last at most a few years, during which the orbital phase of systems with long periods would not change significantly. Using f (M ) from the SB1 solutions, an estimate of the primary mass based on spectral type, and letting i = π/2, we derived the minimum mass ratio, q min , allowed for each binary. From q min we predicted the velocity separation of long period systems, and excluded those with separations of only a few km s −1 or smaller. Long period systems with large predicted velocity separations were retained, with the expectation that observations at multiple phases would not be possible. Table 1 lists the infrared sample.
Columns 1-5 give the name and HD number of the primary star, the J2000 coordinates, and the primary spectral type as listed in the SIMBAD database and confirmed with the analysis described in §3. Columns 6 and 7 give V magnitude (Hipparcos where available and SIM-BAD otherwise) and H magnitude (2MASS), respectively. Figure 1 shows the distribution of H -magnitude, from 2MASS, for the infrared sample. The hashed regions indicate sample members for which we did not detect a companion. (see §5.2).
Infrared Spectroscopy and Double-Lined Measurements

Observations
We observed the infrared sample at the NASA Infrared Telescope Facility (IRTF) with CSHELL, the facility near-infrared echelle spectrograph (Greene et al. 1993) ; Table 2 contains a log of the observations. CSHELL uses a 256x256 pixel InSB detector with a plate scale of 0.
′′ 2 pixel −1 , and operates under natural seeing at the IRTF. Echelle orders are isolated with an order sorting circular variable filter. All of the observations used a single grating setting centered at 1.5548 µm because this spectral region contains several deep lines, a requirement for precisely measuring radial velocities. We used a 0. ′′ 5 slit which provided a spectral resolution of ∼ 30,000. The spectra we obtained have a free spectral range of ∼ 40Å.
We observed each binary as a series of short integrations, from 60 to 300 s in duration, nodding the telescope ∼ 10 ′′ along the slit between integrations in an ABBA pattern. By differencing each set of A and B frames we removed contributions from detector bias, dark current, and sky background. We took a series of flat and dark frames at the beginning of each observing session, which were median filtered and normalized to provide a flat field correction for each target "A-B" image. To measure the dispersion solution, we observed Ar and Kr arc-lamp spectra from CSHELL's internal lamps. We extracted each "A-B" image using a custom optimal extraction code written in IDL, patterned after the algorithms described by Piskunov & Valenti (2002) , and averaged the set of resulting spectra for each target. We adjusted the total integration time for each target to provide spectra with a signal-to-noise of S/N ∼ 100, although we relaxed this condition for targets with a large q min , and also for the faintest targets to avoid very long integrations that were an inefficient use of telescope time. The CSHELL observations from 2004 suggested that high S/N observations of H69 and vB 142 with a larger telescope would be particularly useful. H69, with H ∼ 9.1 mag, is a faint target for the IRTF. The SB1 solution for vB 142 yields a mass function with a very small q min of 0.04, and the 2004 October 1 SB2 measurement indicated that q was indeed small and the companion possibly a brown dwarf. We subsequently observed these binaries on 2005 February 22 at the W. M. Keck Observatory with NIRSPEC, the facility near-infrared spectrograph (McLean et al. 2000) . We also observed vB 43, which at that time was nearing a phase with a large velocity separation. These observations are included in Table 2 . We used NIRSPEC in its cross-dispersed echelle mode with the 2-pixel slit, which provided a spectral resolution of ∼ 31,000. Each target was observed as a sequence of ABBA integrations, using a nod of ∼ 10 ′′ . A sequence of flat and dark frames was obtained at the beginning of the night and median filtered. Night sky OH emission lines, identified from the catalog of Rousselot et al. (2000) , provided a simultaneous wavelength reference to determine the dispersion solution. We extracted the spectra in IDL using REDSPEC 1 , the NIRSPEC facility software package. In addition to normal image processing, REDSPEC rectifies the images in both the spatial and spectral dimensions to extract each order. The extracted nod pairs were averaged for each target. We worked only with NIRSPEC order 49, centered at ∼ 1.56 µm and spanning ∼ 220Å, because it is nearly completely free of telluric absorption; the other orders provided by our grating setting are contaminated to varying degrees (see Bender et al. 2005 , Fig. 1 ).
Template Spectra
We measure the radial velocities of a binary spectrum with reference to template stellar spectra having spectral type, metallicity, and rotational velocity similar to the binary components. We have two libraries of observed single star templates. The first was obtained with NIRSPEC and covers spectral types from G0 through M9 (Bender et al. 2005 , Fig 3 -6) . The template velocities are tied to the Nidever et al. (2002) reference frame; this procedure and the individual template velocities are reported in Simon et al. (2006) . The second library was obtained with CSHELL and covers spectral types from G0 through M1 (Mazeh et al. 2002, Fig 2) . This library is considerably more sparse in spectral type compared with the NIRSPEC library and some CSHELL templates have a low S/N. Both template libraries are comprised of stars with small rotational velocities. We used a non-linear limb darkening model (Claret 2000) to rotationally broaden the templates as needed, following the procedure outlined by Gray (1992) . In the analysis presented here, we relied primarily on the NIRSPEC templates because of their high quality, but also utilized the CSHELL templates where they matched the spectral types of the targets.
Radial Velocity Measurements
We analyzed the infrared spectra with a two-dimensional correlation algorithm similar to the TODCOR algorithm described by Zucker & Mazeh (1994) . For each infrared observation, we used the SB1 parameters to calculate the orbital phase and the radial velocity of the primary. We then estimated the range of possible secondary velocities at that phase, corresponding to q ranging from q min to 1, with some allowance for the uncertainty in the primary mass estimate ( §2). We analyzed each target with two or three templates that matched the known characteristics of the primary and a range of four to eight plausible secondary templates, while leaving the flux ratio unconstrained. This resulted in sets of measured velocities and flux ratios for each combination of templates, which we averaged to obtain the final measured velocities reported in Table 2 . We did not detect the companion for seven of the binaries in our sample, and for three others were successful for only part of our observations. We indicate these observations in Table 2 as missing data, and address these systems in detail in §5.2.
We estimated the uncertainties of both the primary and secondary velocity measurements as a combination of two factors: (1) the velocity uncertainty of the templates and (2) the uncertainty in measuring the center of the correlation peak due to noise in the target spectrum. We took the contribution from the templates simply as the variance of the velocities measured over the set of template pairs. We measured the contribution from noise in each target spectrum as follows. First, we created a model binary from a pair of templates used in the target spectrum analysis, with the same velocity separation and flux ratio as measured in the target. Then, we added random noise to the model and analyzed it using the correlation algorithm with the same pair of templates. We adjusted the amplitude of the noise until the peak correlation from the model equaled the peak correlation measured in the target spectrum. We then generated 100 copies of this model, each using a unique noise vector at the prescribed amplitude. Analyzing these models resulted in distributions of primary and secondary velocities, which we fit as normal distributions. We repeated this with four different template pairs, and took the average of the distribution widths to be the uncertainty contributed by noise in that target spectrum. By combining this average in quadrature with the uncertainty due to the templates, we arrived at our best estimate of the uncertainty for an individual velocity measurement. We used this procedure to empirically determine the uncertainties on both our primary and secondary velocity measurements for each of our observed target spectra.
The relative contribution to the total uncertainties from (1) and (2) varied for each target spectrum. Templates with later spectral type have a worse velocity precision that those with an earlier spectral type . So, for example, an analysis using M-star templates would have a large portion of the total uncertainty contributed by the templates. Conversely, a target spectrum with low S/N, often the case for the fainter binaries in our sample, would derive most of its total uncertainty from the measurement of the correlation peak. An additional source of noise that has effected previous correlation analyses (e.g., Bender et al. 2005) comes from a mismatch between the target primary and the template primary. If these spectra have different physical properties, particularly the metallicity of various species, then the precision of both the measured velocities and flux ratio is effected. We examined this on several of our target spectra where the velocity uncertainties obtained using the above procedure seemed inadequate (see §4). We reanalyzed the model binaries from (2) using alternate template spectra of similar spectral type, thereby simulating potential mismatch between the templates and the target spectra. We found that the increase the velocity uncertainty over that obtained in (2) was negligible. This is likely due to the small spectral range of our CSHELL templates, which limits the possibility of metallicity mismatch. Consequently, the velocity uncertainties reported in Table 2 do not include any contribution from this effect.
To verify that our visible and infrared velocity reference frames were in good agreement, we compared the primary velocities measured in the infrared spectra with those predicted from the visible light SB1 solutions. Figure 2 shows the distribution of the difference between the predicted velocities and the measured velocities. The distribution has a mean of ∼ 0.3 km s −1 and is fit by a Gaussian with a width of ∼ 0.9 km s −1 . This difference is smaller than our infrared velocity precision (Simon et al. 2006) and demonstrates that the two reference frames are indeed consistent to within the measurement uncertainties. The samples in Figure 2 with a velocity difference larger than ∼ 5 km s −1 are attributable to infrared spectra with a low S/N.
Rapid Rotators
The targets vB 8, vB 30, vB 68, vB 77, and BD+02 1102 have F-type primary stars that are rapidly rotating, with v rot sin i from ∼ 40 − 100 km s −1 , and so the spectral lines of these stars are strongly rotationally broadened. The limited spectral range of the CSHELL spectra did not contain enough strong features to measure the primary velocities in the infrared spectra of these binaries. We considered, however, that lower mass companions will have spun down and might therefore be sensitive to a correlation analysis. To examine this we modified our correlation analysis to use an artificial primary template comprised of a featureless, flat spectrum. We analyzed each target spectrum with a range of plausible secondary templates, allowing the flux ratio to vary, to measure the secondary velocity. This procedure was successful for vB 68, vB 77, and BD+02 1102, and the velocities we measured for these systems are included in Table 2 , along with a note indicating the altered analysis. The associated uncertainties were modeled using the procedure described in §3.3 and the artificial primary template described above. We did not detect the secondaries for vB 8 or vB 30; we discuss both systems in §5.2.
Triple Systems
Four binaries in our infrared sample, L20, vB 102, vB 151, and vB 40, are the inner pair of hierarchical triple systems. Speckle imaging from Patience et al. (1998) identified the wide companions in these systems with orbital periods from a few tens to a few hundreds of years, assuming circular orbits. We briefly describe how the presence of a third spectrum in our observations affected the analysis.
The wide companion to L20 has similar brightness to the primary of the inner binary. Its spectrum is clearly apparent in our infrared observations, with a radial velocity of ∼ 32 km s −1 . When left unaccounted for, this contribution limited the precision of our radial velocity and flux ratio measurements for the inner binary. To correct for this, we used a onedimensional correlation to determine that the wide companion spectrum was well matched with a K5 type template and contributed about half of the total flux. We then used the template spectrum to subtract out this contribution prior to the normal two-dimensional cross-correlation step. In this manner, we increased the precision of our inner binary velocity measurements and decreased the uncertainty on K 2 by a factor of two over that obtained when not accounting for the wide companion.
Using the component masses derived by Patience et al. (1998) and the Baraffe et al. (1998, BCAH) stellar models, we estimate that the wide companion to vB 102 contributes only ∼ 10% of the total flux at 1.6 µm. Additionally, its position angle (Patience et al. 1998) placed it near the edge or outside of the CSHELL slit during our observations. If the outer binary is in a circular orbit, its period is ∼ 30 years, and the velocity separation from the inner binary γ-velocity is only a few km s −1 . Additionally, the radial velocity of the inner binary primary was only a few km s −1 from the γ-velocity during our observations. Consequently, any contamination in our spectra from the outer companion was masked by the primary and we were unable to detect it; we therefore solved vB 102 as a normal SB2.
The wide companions of vB 151 and vB 40 have large angular separations and were at position angles such that they fell outside of the CSHELL slit during our observations. Even had they fallen within the slit, their contributions to the total flux are small at 1.6 µm, ∼ 10% and ∼ 2%, respectively. We did not detect any contribution from the wide companion in either system, and concluded that our SB2 correlation analyses of the inner binaries were unaffected.
Infrared SB2 Solutions
CfA SB1 Parameters
With the permission of RPS and DWL, we list in columns 2-7 of Table 3 the CfA orbital parameters for the 25 SB1s that we succeeded in turning into SB2s with infrared detections; the seven sample members for which we did not detect the secondary ( §3.3) are not included. The CfA parameters are based on preliminary orbital solutions that may change slightly when the final results are published, but these changes are expected to be insignificant for our present purposes because the uncertainties in our final mass ratios are dominated by the infrared velocities for the secondaries.
We have from one to three infrared spectra for most our binaries, and none were observed on more than five occasions. This contrasts with the several tens or more visible light observations for each system. Consequently, the primary velocities that we measured in the infrared do not further improve the precision of the SB1 parameters. To solve each system as an SB2, we took, without modification, the SB1 parameters from Table 3 , and used a least-squares fitting routine to solve the infrared V 2 measurements for K 2 . For several of our binaries (vB 62, vB 69, H532, vB102, vB 142, vB 121, and vB 151) , this procedure yielded reduced chi-squared, χ 2 ν , much greater than one, indicating that the corresponding V 2 uncertainties ( §3.3) are underestimated. Assuming that the missing uncertainty contribution in V 2 is normally distributed, we account for it by scaling the measured K 2 uncertainty by χ 2 ν . Because we do not understand the source of this additional velocity uncertainty, we choose to retain in Table 2 the uncertainties derived in §3.3. To maintain consistent results throughout our sample, we applied this correction to all of the binaries; column 8 of Table 3 lists the derived K 2 along with the adjusted uncertainties.
We list in column 9 of Table 3 the mass ratio for each system, calculated from K 1 and K 2 as q = K 1 /K 2 . We verified q for the seven SB2s with large χ 2 ν using the technique of Wilson (1941); in each case, these results agree to within 1σ of those from the least-squares fitting. The uncertainty we report for q includes the unlisted uncertainty on K 1 from the preliminary CfA SB1 solution. This contribution, however, is generally negligible when compared with the large uncertainties on K 2 . For example, K 1 for vB 9 is determined to ∼ 6%, which contributes only ∼ 10% of the total uncertainty on q; most of the infrared sample members have K 1 determined much more precisely. L20 has K 2 determined to better than ∼ 4% and is one of our most precisely measured infrared systems; K 1 here contributes only ∼ 1% to the total uncertainty on q. Columns 10-13 in Table 3 give the semi-major axes and component masses, combined with the unknown sin i. Figures 3 and 4 show the SB2 velocity curves and measured secondary velocities, plotted against orbital phase for the binaries in Table 3 . The primary velocity curves shown come directly from the SB1 solutions, while the only free parameter in the secondary velocity curve is K 2 . We show the secondary velocity uncertainties listed in Table 2 , without the scaling correction described earlier, because these values represent our best understanding of the measurements. As a consequence, some of the velocities are shown with underestimated uncertainties. Figure 5 shows two different representations of the mass ratio distribution for these binaries: (a) shows the case where each q is determined with equal precision; (b) distributes each measured q over its corresponding uncertainty. The similarity of the distributions, within the reported √ N uncertainties, suggests that our underestimate of the V 2 uncertainties has a small effect on the overall distribution. These distributions are obviously not complete for the cluster, most importantly because it does not include the large sample of binaries with q > 0.6 that are detected as SB2s in the CfA visible light spectroscopy. Figure 5 does , however, clearly demonstrate the applicability of infrared observations to binaries with small mass-ratios.
Alternate SB1 Parameters
Alternate SB1 orbits are available in the literature for nine of our infrared binaries: eight by R. F. Griffin and colleagues (Griffin & Gunn 1978 , 1981 Griffin et al. 1985) and one by . The parameters published by these authors provide additional verification of our assertion that the uncertainties we report for K 2 and q are dominated by our infrared measurements of V 2 . For each of these nine systems we used the alternate SB1 parameters without modification to derive K 2 and q, following exactly the procedure describe above for the CfA parameters. However, we did not attempt to reconcile the various velocity zero points, which have small differences of order 1 km s −1 or less (e.g., Detweiler et al. 1984) . Table 4 lists these SB1 parameters, their references, and our alternate SB2 results.
The binaries L20, vB 43, vB 62, vB 69, vB 77, H509, and vB 121 have q listed in Tables 3 and 4 that agree to ∼ 1σ or better. The parameters T 0 and ω given for vB 40 by have a 180
• phase difference from the CfA parameters, which does not affect the derivation of q. The slightly greater than 1σ difference in the derived q for this binary could result from differences in the velocity zero point; alternatively, vB 40 is a triple, and orbital motion of the wide pair over the ∼ 90 years between Sanford's measurement and our own could account for the discrepancy. The q calculated for L57 using the Griffin and CfA SB1 parameters demonstrate the importance of a consistent velocity reference frame when combining SB1 and SB2 observations ( §3.3). Due to its long period, L57 has a small K 1 , which amplifies the effect of any offset in the velocity reference frames. Solving this system using the SB1 parameters of Griffin et al. (1985) , but with the CfA γ, yields q = 0.85 ± 0.24, nearly identical to the result in Table 3 . This issue is independent of the large uncertainties we report on q for L57, which result from our observing it only once in the infrared.
The results shown in Table 4 confirm that the uncertainties in our reported SB2 parameters originate primarily from our infrared measurements, not from the underlying SB1 orbits. The unpublished CfA orbits provided a sample of SB1s that is approximately three times larger than that available in the literature, and that has a velocity reference frame which is not only self-consistent, but also consistent with our infrared frame.
Discussion
Validation of SB2 Solutions
Four of the SB2 solutions shown in Figures 3 and 4 depend on a single measurement of the secondary velocity, and another nine on only two measurements. Consequently, many of the derived K 2 's, and the resulting q's, have large uncertainties. Figure 6 plots q min against the measured q's to evaluate the plausibility of the measured values. As expected, q is greater than or within 1σ of q min for all of the binaries, except vB 59 and H382 which are consistent with q min to better than 2σ. Both vB 59 and H382 have long periods and were observed at orbital phases where the velocity separation was small, resulting in low precision measurements of K 2 . However, we have two observations of each system at slightly different phases and the measured secondary velocities are consistent. Therefore, we are confident that we are detecting the secondary in both of these systems. Observations of vB 59 in ∼ 2012 and of H382 as soon as ∼ 2009, when the orbital phases will have changed significantly, would further improve the SB2 solutions for these systems.
The flux ratio, α, measured by our cross-correlation routine offers an additional valida-tion of each SB2 solution. Figure 7 plots the α measured for each binary, averaged over all observations, against the measured mass ratio. Also shown are theoretical H -band curves calculated from BCAH for binaries with primary masses from 0.6 M ⊙ to 1.2 M ⊙ . Two factors complicate a direct comparison between our measured flux ratios and the theoretical values. First, the small wavelength range of CSHELL spectra severely limits our ability to measure precise flux ratios because individual spectral lines vary only a small amount relative to each other with changing spectral type. Considerably more accurate flux ratios can be measured with spectra covering a larger wavelength range, and thereby having many more spectral lines with differing dependencies on spectral type. Second, the theoretical curves represent the integrated flux over the entire H -band, of which our CSHELL spectra only sample ∼ 1.5%. Nonetheless, our measured values are well grouped along the curves. The two obvious outliers are L79 and vB 142. We have only a single, low S/N observation of the long period binary L79. Our measured flux ratio is poorly constrained, varying significantly depending on the exact pair of templates used; the uncertainty shown in the figure probably underestimates the actual uncertainty. However, our measured secondary velocity is well constrained, independent of the template pair, and we are confident that the secondary detection is real. vB 142 has a very small mass ratio, making the measurement of the companion particularly difficult; §5.3 addresses this system in detail.
Infrared Non-Detections
Our infrared observations failed to detect the secondary in seven systems: vB 8, vB 30, vB 39, H411, L77, L90, and vB 114. Figure 8 shows the distribution of q min for the infrared sample binaries; the systems not detected as SB2s are indicated by the hashed region. We expected that our sensitivity to binary companions would be incomplete for systems with the smallest mass ratios because these systems also have small flux ratios. However, several of the systems for which we did not detect the secondary have large q min . For three additional systems, vB 43, L57, and H509, we did not detect the secondary in a subset of our observations. We address each of these ten systems below. vB 8 and vB 30 have rapidly rotating F-type primary stars and both have small q min , 0.15 and 0.19, respectively. We observed both spectra in the infrared at multiple epochs, with orbital phases where the predicted velocity separation was large. We propose two possible explanations for our failure to detected these companions. The true value of q may actually be close to q min . For a given mass ratio, the H -band flux ratio of a binary decreases as the mass of the primary increases. Because vB 8 and vB 30 have primaries more massive than those of a typical binary in our sample, their flux ratio's may be too small to detect the secondaries at the S/N of our spectra. Alternatively, if the companions are also rotating rapidly, their spectral lines would be too broad to measure with CSHELL's limited wavelength coverage, even with high S/N observations. vB 114 and vB 39 have orbital periods of 4578 days and 5083 days, respectively. Our observations of both systems occurred at orbital phases such that the primary velocities were near γ, and the predicted velocity separations were only a few km s −1 . Velocity measurements under such conditions are inherently difficult, and even had we detected the secondary components, the resulting K 2 's would be poorly constrained. vB 114 will have a more favorable orbital phase in ∼2010; the phase of vB 39 will not improve until ∼2013. Both have moderate q min , 0.44 for vB 39 and 0.29 for vB 114, so the flux ratios should not impede in detecting these secondaries.
H411, L77, and L90 fall towards the faint edge of the distribution shown in Fig. 1 , and our observations of these targets have S/N insufficient to detect their secondaries. H411 has a small q min , ∼ 0.18, which corresponds to a minimum H-band flux ratio of only a few percent, and is at the limit of our best observation of this binary, with S/N∼50. Because H411 is faint, obtaining a spectrum with CSHELL that has better S/N would require many hours of integration; such an observation could be carried out with a high resolution spectrometer at an 8 − 10 m telescope in a relatively small amount of time. L77 has a large q min of ∼ 0.61 and we expected to be sensitive to its secondary. However, our single observation of L77 has S/N∼25, and occurred at an orbital phase when the velocity separation was small. The orbit of this system is such that even had we detected the secondary, the resulting SB2 orbit would be largely unconstrained. L77 will be at a more favorable orbital phase in 2009. L90 has q min ∼ 0.32; we observed it on two occasions, each with S/N∼50. However, its long period and current orbital phase indicate a small velocity separation. This system will not be at a more favorable orbital phase until ∼2011. L57 has small K 1 and K 2 , which when combined with it's K2 primary spectral type make it a difficult target to observe with CSHELL: future observations would benefit from higher spectral resolution or a larger free spectral range.
vB 142
Our four infrared observations of vB 142 provided good phase coverage, and included measurements near the maximum velocity separation and on both sides of the γ-velocity. Despite this, the SB2 solution that we derive is poorly determined and the residuals, V 2 (f it)− V 2 (measured), are large. We do not fully understand the reasons behind this poor solution, but we include it here for the following reasons.
Our observations, except for that on 2005 November 28, return plausible velocities for the companion, albeit with large uncertainties. The 2005 November 28 observation occurred at phase ∼ 0.40, and with small velocity separation, so our inability to accurately measure the secondary in this spectrum is not surprising. The average α that we measure for all of the observations, ∼ 0.04, is, however, much larger than that predicted by BCAH (Figure 7) . To investigate this discrepancy we used our M-type template LHS2351 to introduce an additional spectrum into our observed vB 142 spectra from 2004 October 1 and 2005 February 22. We added in this component with a "true" flux ratio, α true , ranging from 0.05 to 0.0001, and, to avoid confusion with the actual vB 142 companion, at a radial velocity of −20 km s −1 . We then attempted to recover this signal with our correlation procedure and the set of templates used in the original vB 142 analyses, excluding LHS2351. We recovered the LHS2351 spectrum at the proper velocity with α true as small as 0.0005. However, the uncertainty of the measured velocity increased as α true decreased, and the measured flux ratio, α meas. became unreliable for α true 0.01. Consider, for example, the case of LHS2351 introduced into the 2005 February 22 spectrum with a radial velocity of -20 km s −1 and α true = 0.005. Our correlation routine recovered this signal with a velocity of −25.1 ± 7.0 km s −1 and α meas. = 0.019 ± 0.005. The larger than expected α meas. is consistent with the results obtained for the vB 142 companion, and may arise because our primary templates do not precisely match the vB 142 primary spectrum. For small flux ratios, the correlation routine tries to correct for this mismatch by scaling the primary using α; we have previously reported this behavior (Bender et al. 2005 ).
Our modeling with LHS2351 gives us confidence that we can detect a companion with a very small flux ratio. The q that we derive for vB 142, 0.06 ± 0.04, is consistent with q min ∼ 0.04 from the SB1 solution. Whatever the true value of q may be, our 3σ upper limit of q 0.18 is very small. Our primary goal in this endeavor is to measure the binary mass ratio distribution for the Hyades ( §1): q for vB 142 is sufficiently well determined for this purpose. Of additional interest, the primary of vB 142 is a G5 star, and so a companion with q = 0.06 ± 0.04 could be a brown dwarf, which would be an important discovery in the Hyades (Guenther et al. 2005) .
Component Masses
While spectroscopic observations of an SB2 yield its dynamical mass ratio, they do not measure its orbital inclination and so alone they cannot provide a dynamical measurement of the individual component masses. Observations of the visual orbit measure the inclination and the total mass, and when combined with the mass ratio result in the individual masses. All of the binaries in our sample have components with a small angular separation and their visual orbits are not currently available. Those with periods longer than a few hundred days are resolvable with adaptive optics imaging at a large aperture telescope.
In the absence of visual orbits, we can still obtain good estimates of the individual masses if the distance is known. Hipparcos measured the parallax of most of our sample binaries (Perryman et al. 1998) , and all have precise photometric measurements of their total flux from 2MASS at J, H, and K. We combined these with our measured mass ratios and a theoretical mass-luminosity isochrone from BCAH to calculate the individual component masses. We chose the BCAH models for several reasons: they show a good, albeit not perfect, agreement with measured dynamical masses (Hillenbrand 2004) ; they include the effects of atmospheres, which are important in the low mass regime that applies to most of our secondaries; and lastly, they are provided in a convenient form that specifies magnitudes in the standard photometric bands used by observers. We used the 625 Myr isochrone, while noting that at such an old age the mass-luminosity relationship is mostly insensitive to age. Table 5 lists the calculated component masses.
The uncertainties given in Table 5 include contributions from the parallax, photometry, and mass ratio; they do not include any uncertainties from the BCAH models. All of the 2MASS J, H, and K photometric uncertainties are small, ∼ 0.02 − 0.03 mag. Because our binaries have small flux ratios, the precision with which we determine the primary masses is mostly dependent on the precision of the parallax measurements. The uncertainty for the secondaries strongly depends on the precision of the mass ratios. Most of the primaries have masses determined to better than 10%, while some of the secondaries approach this level. Hipparcos did not measure the parallax of vB 59 or L57, so for these systems we used values reported in the Tycho catalog, and the resulting uncertainties on both the primary and secondary masses are large. The parallaxes of H69, H441, and L79 have not been measured, so we estimated their primary masses directly from their spectral type and assumed an uncertainty of ∼ 0.1 M ⊙ . The secondary masses then follow directly from our measured mass ratios. Finally, the primary of vB 68 is more massive than the range covered by BCAH, so for this system only we used the empirical isochrone determined by Pinsonneault et al. (2004) and note that the resulting masses are consistent with measured spectral types.
Summary
We have obtained high resolution infrared spectroscopy of 32 SBs in the Hyades, whose SB1 orbital parameters have been measured by RPS and DWL at the CfA, in order to detect their companions and thereby study the binary mass ratio distribution in this young cluster. We detected the companion in 25 of these systems. For these, we combined our results with the SB1 parameters to determine their solutions as SB2s. Some of the SB2 solutions we report have low precision for K 2 . However, obtaining precise orbital parameters for individual systems was not our objective here. Instead, our intent was to constrain the distribution of mass ratios in binaries with low mass companions, and our results are sufficient for this purpose. We also estimated the primary and secondary masses of our sample binaries using 2MASS photometry, Hipparcos parallax measurements, and our measured mass ratios. The mass ratios of the binaries with the most reliable SB2 solutions span the range from q ∼ 0.1 − 0.8, corresponding to secondary masses as small as ∼ 0.15 M ⊙ . We also detect a very low mass companion to vB 142. The solution for its mass ratio is not yet reliable, but it appears to be q 0.18 at the 3σ level, and may represent the detection of a brown dwarf companion.
The precision of our derived primary masses is limited by the uncertainties in the Hipparcos parallax measurements. The secondary mass measurements, however, can be improved significantly by reducing the uncertainties on the measured mass ratios through additional infrared observations. Direct observations of sample members as visual binaries would measure their orbital inclinations and total masses, and when combined with the spectroscopy would yield dynamical component masses. By utilizing the Hipparcos distances, such measurements would contribute a test of the theoretical mass-luminosity relationships (e.g., Mathieu et al. 2007) . Improving the SB2 solutions or measuring the visual orbits of our sample would require a significant commitment of observing time and analysis resources. The visual orbit mapping may require technological improvements in interferometry and adaptive optics techniques.
The results presented here are an initial step in a program to produce distributions of mass-ratio and secondary mass for Hyades cluster binaries with periods from a few days to a few thousand days. Future papers in this series will combine our new determinations of mass ratios with available orbital solutions from other Hyades binary surveys, including the the spatially resolved systems studied by Patience et al. (1998) , to present the mass ratio and secondary mass distributions for the cluster. We also intend to address more fully the set of hierarchical triple systems, for which, when combined with the speckle observations of Patience et al. (1998) , we have information on both the inner and outer orbits.
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Facilities
P ω T 0 γ K 1 K 2 a 1 sin i a 2 sin i M 1 sin 3 i M 2 sin 3 i Target (days) e (deg) (JD-2400000) ( km s −1 ) ( km s −1 ) ( km s −1 ) q (Gm) (Gm) ( M ⊙ ) ( M ⊙ )P ω T 0 γ K 1 K 2 Target (days) e (deg) (JD-2400000) ( km s −1 ) ( km s −1 ) ( km s −1 ) q SB1 Ref.Target M 1 ( M ⊙ ) M 2 ( M ⊙ )vB
